ABSTRACT
Introduction
The adaptive ponds of LuckOil, EAD, Neftochim-Bourgas are designed and built up at the time of building of the wastewater treatment plant (WWTP) as a third step of water treatment. Their role was to detoxicate the remained in the treated water oils and phenols. Their function is designed to protect the water of reservoir Mandra and Black Sea in Bourgas bay from influence of xenobiotics (10) .
During the last 20 years as a consequences of unprofessional management of the water treatment technologies in the plant as well as because of often baipassing of the untreated waters in the adaptive ponds, the petrol derivatives, mineral oils and polycyclic aromatic hydrocarbons (PAHs) have been accumulated in the sediments (4, 10, 11) . The waters of these ponds are very dynamic system. The xenobiotics don't remain long in the waters because of the intensive processes of biodegradation, volatilization, or flowing out of the pollutants in stream and because of other connected with the biota processes (2) . The sediments are relatively passive system. The detoxication there is very slow process in anoxy and anaerobic conditions. The increased concentration of xenobiotics in the sediments blocked the processes of biological degradation.
In the frame of European project Inco-Copernicus, Bulgarian and Belgium team planned and accomplished monitoring investigations of the sediments of the adaptive ponds (4) . These researches were directed to the future planning of bioremediation technologies in soft conditions.
Materials and methods

Hydrobiological Design
The features of the adaptive ponds, which were the base of the design construction, are summarized in Table 1 .
In Fig. 1 Often flows of non-treated waters in second pre-pond.
Supposed pollution
As preliminary data high concentration of petrol products, hard degraded PAHs were accumulated in the sediments. 
Chemical analysis
The PAHs were determined after steam destilation (described in (9)) and by the method of High Performance Liquid Chromatography. All polynuclear hydrocarbons were analysed with a Merck-Hitachi HPLC apparatus on a ChromSpher PAH-column, 5µ particle size, 250*4.6 (L*int.diam.). The mobile phase is acetonitrile -water (65:35%) at a flow rate of 1 ml/min and an oven temperature of 35°C. The Liquid chromatograph was coupled to supported by Hitachi 655-61 Integrator, and a Hitachi 655A Variable Wavelength UV Monitor (at 254nm) (9) . The mineral oils were determined by means of Gas Chromatography. The details of method were described in other our paper (10) .
Microbiological analysis
The microbial activity of the indigenous microflora in the sludge was defined using classical microbial methods described in details in other our papers (11, 13) .
Enzymological analysis
The biomass for determining the enzyme activities was harvested in the late log phase at the cultivation of Pseudomonas cepacia when the substrates were PAHs and extract of sediments, containing PAHs. Lowry (1951) , using bovine serum albumin as a standard (5). 
Results and Discussion
The characteristics of the waters of the adaptive ponds, measured in situ, are shown in Table 2 . The data showed that in 1999 the oxygen content and saturation was low and very unfavorable for the aerobic biodegradation processes. The reason for that was the incident of flow of untreated waters in the ponds. At the moment of sampling the surface of the ponds was covered by thin layer hydrophobic petrol derivatives, which were decreased aeration very heavily. At the time of sampling in 2000 the aeration of the ponds was favorable for biodegradation processes. The measuring of the oxygen content in the first pond was impossible because this pond was full of sludges, contaminated by petrol derivatives. This pond was used for the secondary extraction of petrol.
Chemical Control
The key information for the future bioremediation 
TABLE 2
Characteristics (geographic location, temperature, oxygen content and oxygen saturation) of the waters of the adaptive ponds (n.m. -non measured). The investigation of the mineral oils (C-10 -C-40) and volatile organic compounds have been included in the monitoring program. The results showed that these two groups pollutants have been presented in the high concentrations (350 -5 mg/g) in the sediments of the adaptive ponds (Fig. 3) . The highest concentration of the mineral oils was registered in sampling point 1(first pondthe depot of sludges and other petrochemical derivatives The ecologically motivated technology must to be isolated and directed to the control of biodegradation without possibility for migration of the pollutants in other locations. One of the possibilities is the stimulation in situ of the anoxy and anaerobic biodegradation of the xenobiotics. For elucidation of this possibility the concentration of the anions -the final electronic acceptors for anaerobic processes, has been investigated (Fig. 4) .
The concentration of anions and potential final electronic acceptors confirmed that in the sediments the potential for stimulation of anoxy and anaerobic biodegradation of the xenobiotics existed. This potential has to be regulated purposely. The important biodegradation parameters have to be managed -the concentration of the xenobiotics have to be lower that critical ones for biodegradation in anoxy and 
Microbiological Control
The analysis of the distribution of the autochthonic microflora and its functional activity is the base for application and management of possible bioremediation processes in situ and ex site. The analysis of the key for the detoxication process microorganisms has been accomplished.
The obtained results about the dynamic of the aerobic heterotrophic bacteria and bacteria from genus Pseudomonas in stream is shown in Fig. 5 . It is clear that in all sampling point the density of the heterotrophic bacteria and genus Pseudomonas was high. The dynamics of the amount of these physiological groups was changed in dependence on the complex combination of the different environmental factors, formatted in the various ecological nishes. The large fluctuations of the concentration of PAHs (average with 50%) were connected with little changes in the amount of the aerobic heterotrophic bacteria and genus Pseudomonas (average with 7%). The probable reason was that the concentration of toxic pollutants was higher than the critical concentration for adapted and non adapted microbial communities. This induced the development of the resistance of the microflora, strongly inhibited gradual development of the biodegradation potential (12). The density of the microbial consortium of the facultative anaerobic and anaerobic heterotrophic bacteria with potential to degrade xenobiotics is essentially significant for the microbiological control of the future bioremediation technologies. The amount of the next microbial groups Alcaligenes, Flavobacterium, Pseudomonas denitrificans and sulfate reducing bacteria has been investigated purposely. The four microbial groups are broadly dispread in the sediments of the shallow lakes. They are in the possibility to degrade oil-derivatives and PAHs at anaerobic conditions (at denitrification and sulfate reducing conditions) (1, 6, 7, 8) . The amount and distribution of the key for detoxication microbial groups is shown in Fig. 6 . The amount of the bacteria from Pseudomonas group was higher at the sampling points, where the concentration of PAHs was higher -sampling points 3, 7, 8, and 11. The large density of sulfate reducing bacteria was ascertained at sampling points 4, 5 and 6, where the high local concentrations of sulfates and mineral oils C-10 -C-40 have been measured. Pseudomonas denitrificans was with high density at sampling points 4, 5, and 7. The described locality in the prevailing of one or other group microorganisms is very important fact. This fact can be used for the precise regulation of bioremediation rate and mechanisms in situ.
Plankton and benthic communities' control
There were no any established alive macrozoobenthic organisms in the bottom sediments of the all four ponds. Only in the littoral zone of the third and fourth ponds, between the stems of Typha latifolia and Phragmites australis some alive specimens of Limnea stagnalis and Viviparus viviparous were established. At one hand the macrophite vegetation makes a protection zone against petroleum products. From other hand it is well known that these gastropods worth possibilities to survive several hours in anaerobic conditions. In all four ponds during both samplings algae of Microcystis spp. prevailed in the phytoplankton complexes. This indicates deep eutrophication process in the lakes.
The pelagic animal complexes of second lake were In the third and fourth lakes the zooplankton community had character typical for the very heavy eutrophic water body typical by prevailing of rotifers and cladocerans. Such high quantitative parameters were established only in heavily loaded with suspended solids water bodies. As a whole, in the sediments of adaptive ponds a rich and with high diversity microbial consortium presented. It is favorable microbial base for stimulation of microbial detoxication. The high concentrations of hazardous pollutants -PAHs and mineral oils C-10 -C-40 showed that natural microbial degradation was strongly inhibited. This inhibitory pressure was due to the complex toxic pollutant and its critical high concentrations. For the future planning of the bioremediation technologies is very important the answer "is it possible to reactivate biodegradation potential of autochthonic microflora?". In model experiments, by means of using of indicative culture Pseudomonas cepacia the enzymological study has been accomplished. The activation of enzymic biodegradation has been analyzed in laboratory using as an inductor -PAHs in concentrations lower than in the ponds sediments. It is important to point out that this microbial culture was bacterial dominant in the polluted sediments.
Enzymological Control
The oxygenase and succcinate dehydrogenase profile of Pseudomonas cepacia has been characterized. As inductors and substrates in the model medium were used different PAHs and extract from polluted sediments, contained mixture of PAHs. The next enzyme activities have been analysed -(C12DO), (C23DO), (P34DO), (ONPO), (P2MO), (N12DO), (TDO) and (SDH). The oxygenases are proved indicators for the rate and mechanisms of the cleavage of benzene ring of aromatic xenobiotics (including PAHs) and SDH is well working indicator for the central metabolic processes (Cycle of Tricarboxilic Acids)(9, 12, 13). The obtained enzyme activities for the different inductors are shown in Fig. 7 . The concentration of inductors has been selected specially to be lower than the critical one for the specific xenobiotics (3). From the other hand it is important to point out that the different xenobiotics speeded one or other mechanism of benzene cleavage. The question is -at whole diversity of detoxication mechanisms in the ecosystems, is there mechanism which harmonized and balanced central and preparatory (detoxication) catabolic pathways? It became clear from figure 8 , that nevertheless the high diversity of biodegradation mechanisms, the total rate of benzene cleavage (measured as TDO) was almost equal to the rate of functioning of CTA (measured as SDH). This biological phenomenon confirmed the precise regulative mechanisms, which balanced detoxication and central catabolism. The knowledge for these mechanisms in the contaminated by xenobiotics ecosystems allowed to manage the practical bioremediation in situ.
By means of purposely designed monitoring, valuable information for assessment of the pollution of the adaptive ponds of Luck-Oil -EAD, Neftochim, Bourgas have been collected. This information was useful base for planning and application of real bioremediation technologies.
Biological Design of the Bioremediation Technology
The effective bioremediation technology requires to be kept the following principles of the environmental management: 1) To accomplish of purposely and economically designed pre-bioremediation study; 2) To develop whole technology with all essential elements -equipment, biological system, technological parameters and mechanisms for control and management, timetable and financial schedule etc.; 3) To propose the design with all critical control points (CCPs) for periods, sampling points, specialized indicators for postbioremediation control (13). This is key important for the monitoring of the effect of the technology and its sustainability. The graphical presentation of designed technology is shown in Fig. 9 .
The proposed design is in two phase. First Phase: A decrease of the concentration of the hazardous pollutants. This can be accomplished by means of sucking out of the sediment portions in larger step there where the pollutants were in higher concentration. The removed sediments can be treated in two different manners. Variant 1: The removed sediments are treated by means of aerobic detoxication at specially constructed, isolated and covered sites. In this case some of the classical technologies can be applied -like bioventing or airsparging (9) . In these technology the main governing factor is the activation of the aerobic microbial consortium -aerobic heterotrophic bacteria and bacteria from genus Pseudomonas. Variant 2: Compressing of the removed sediments and burning in incinerators. It is possible to apply the combained approachcombination between variant 1 and variant 2 in dependence on the site and concentration of the petrol derivatives in it.
Second Phase: Stimulation of the bioremediation in situ. As it is became clear, this is possible because of the availability of abundant and with high diversity microbial consortium. As a consequence of professional management the detoxication potential can be activated. The activation can be accomplished again in two variants. Variant 1: Stimulation of the anaerobic biodegradation on the base of denitrification and sulfate reduction. The principle of "locality" can be successfully applied. Variant 2: Application of other bioremediation procedures like under water supply with oxygen donors. The proposed biotechnological design is directed to the solution of the concrete critical environmental problem. Its broad biological base of their decoding and building make its elements applicable for overcoming of similar critical environmental problems elsewhere.
